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Abstract: [ Objective] Salt stress affects the crop yield and quality, while the crop salt tolerance is regulated by specific
genes. Using heterogeneous over-expressed rice lines (OE-1, OE-2, and OE-3) of foxtail millet receptor-like protein kinase gene
SiRLK35, the possible mechanisms of SiRLK35 under salinity will be dissected on phenotypic, physiological and molecular
levels. [Method] The expressions of SiRLK35 in OE-1, OE-2, and OE-3 were analyzed by qRT-PCR. The phenotypes of
three-leaf stage seedlings treated with 0, 150 and 200 mmol-L"' NaCl were observed, and the lengths of seedlings and roots were
measured after treated with 150 mmol-L" NaCl for 3 days. The dry weights, death rate and dead leaf rate of four-leaf stage
seedlings that treated with 150 mmol-L™ NaCl for 14 days were also measured. OE-1with the highest SiRLK35 expression was
further used for DAB and NBT dyeing analysis. The activities of partial antioxidases, and expression patterns of marker genes
were detected. [Result] There was the highest SiRLK35 expression level in OE-1. The growth of control and OE seedlings
were all inhibited under 150 mmol-L™ NaCl. The decreased levels of dry weight, the death rate and dead leaf rate of OFE rice
were all lower than those of the control, together with the less accumulation of 0% and H,0,, and the higher activities of
antioxidases under salinity. Partial of salt responsive genes were up-regulated in SiRLK35 OE lines, especially the OsLEA3 was
induced about 1.9 times higher after treated with NaCl for 24 h. [ Conclusion] SiRLK35 OE rice lines have tolerance under

salinity, and the gene SiRLK35 of foxtail millet could participate in salt response by regulation the activities of antioxidases and

related signal pathways.

Key words: foxtail millet (Sefaria italica L.); SIRLK35; salt tolerance; antioxidase; salt responsive genes
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Bl BOKFE SR RAE 11 FhF 3 e AR 1058 A 2 1
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FRWP AT AN, BEANAETE 20 BE, B3 ANEA, W%
ERIAEAS R ER R B R AR KRS DU T W82 . 2 Je 4

Mtk BUEKZE =Y OE-1. OE-2. OE-3 &'
16 11 48546 0 Al 150 mmol-L'NaCl 4bFE 3 d, 435l
K AR, AL 30 ¥k, B 3K, it
FHT A AR IR AE KRB

bR AE K E DY) OE-1. OE-2. OE-3 K+
A6 11 458 H 0 A1 150 mmol-L™" NaCl () MS 15 784k
B, BERAN 12 MS B3R, B 3 RIk— IR, 4
P14d 5, G AL BR S ST AL TR (R Ab
JEAEHTHLE BB E ) RBEHR R AE R A
FEmt R B B R B E D, IR AR
My EFBFIHE AR 105°C AT 0.5 h, T80 CHt R fHE,
e #h AL FEHT S SR R A T LA, AR 3 A
HH.

1.4 TEEHRIEN. HELEETEHNE

Z 8 2014 4F KUMAR 2508 7 2 k47 1 46 Ak
YR gL E I 5E . BTE 150 mmol-L™! NaCl #4bFE 3 d J5
[f) OE-1 FXf e AE 11 it Jv, 235 DAB #
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Table 1 Genes information and specific primers

FL[K 4 FX Gene name

B3 Accession number

1E [ 514 Forward primer (5'-3')

17514 Reverse primer (5'-3")

OsACTIN MS971743.1 TCGGCTACAACCCTGACAA CAAACTTGACGGCAATGTGG
SiRLK35 XM_004956247.2 AAATAGTTGGGTAGACGAGG TACGCAGATGATTGACAGAT
OsP5CS D49714.1 CTATTCCTCGTAATGTTGG CTTAGTTGACGCCTTGAT

OsLEA3 768090.1 ACAAGGACACCTCTGCCACC AATAGACCCAAAGGGAAATCA
OsNHX1 AB021878.1 GAGAGGAGCTGTGTCGATTG CTCTCGAGGTCAGAACCTTG
OsHKTI KU501218.1 ACCATAAGCACAACCCAG AATCCTAAGAACCACCTCA

OsNAC6 AB028185.1 GATCATGCACGAGTACCGC GCACCCAATCATCCAACCT
OsDREB2A4 JQ341059.1 GCTGAGATCCGTGAACCA ACCATACATTGCCCTTGC

0 ym Fikwm i, OE-3 RZ, OE-2 HRIEEAM, 1MiTE

2.1 BF SIRLK3STRMHERAGEHR RIS

Wt #E— XA F SiRLK3S i Fik /K FEkk &R
OE-1. OE-2 fil OE-3 1) T, XA EIEEAT PCR K (&
D o giRER, EASRIARATIHRS 1 208 bp
HIRF S 465, 545 SiRLK3S Tl R /h—3, 1%t
R A I B B P45y, R DN 2385 N 25 /K Rk
FRERA N HARRM TR 40%m 84 5 N IEW
HRIFEK, & T & T, 240001k, HEHRREATHR
B, K45 SiRLK35 #i & 33E R R .

bp
5000
3000
2000

1000
750

500

250
100

M: Trans2K Plus DNA Marker; 1: %fMH7E 11; 2—3: OE-1; 4—5:
OE-2; 6—7: OE-3

M: Trans2K Plus DNA Marker; 1: Zhonghua 11; 2-3: OE-1; 4-5: OE-2; 6-7:
OE-3

Bl 1 S/RLK35 PRTEEEEE MR ZHY PCR ¥ 7E
Fig. 1 PCR verification of SiRLK35 transgenic rice

2.2 S/RLK35 EZFHERKRRHRIE S
WX SIRLK35 {0455 RPR & o i R AT

qRT-PCR £l (B 2) , #REIR, {E AR R

W, SIRLK35 [MAIEFEER A, HAE OB-1 #R R MAHXS

o B L TR ASE] SiRLK35 3Rk, 5% AH L,
SiRLK35 1E & IE R R P AN RIAFE =T B %

70 -
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g
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=
i .S
K g 40
K&
= O 30_
oo O
=z
= 20
~ okok
10 III
0 1 1 1
CK OE-1 OE-2 OE-3

FR A Strain

ks LIREPE 11T AMILE, OE KRR MR SIRLK3S HUMIN FRiA AT
P<0.001 KV EZEFEE (0=3) . FF

***: Indicates that compared with Zhonghuall, the relative expression
levels of SiRLK35 in OE rice lines were significantly different at £<0.001 (n
= 3). The same as below

2 SiRLK3S FEXTR K BHR R R HIRIERR
Fig. 2 The relative expression levels of SiRLK35 in control

and transgenic rice lines

2.3 SIRLK35 T3kt 7 BT L MEAG )

WM SiRLK35 iI$3R1AFE R OE-1. OE-2. OE-3
3512 04 150 11200 mmol- L™ NaCl 4b3 2 d 5, It
AT AE K IR R RE ] (B 3-A) o IR
[f] NaCl WEET, 1 RIBFE LR AR I A KRBT
T X M. £E 150 mmol-L™ NaCl 403 2 d J&, Xt
FAKPEE, LA Ak, SRR, i RRek
TR BRI 2 A, PUEMRAE S PR, RILH I W2
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A CK OE-1 OE-2 OE-3 CK OE-1 OE-2 OE-3 CK OE-1 OE-2 OE-3

9) Q Q
z z z
L e E
E :
B c
W 0 mmol-L" NaCl 13- W 0 mmol-L" NaCl
EA 150 mmol-L" NaCl x EA 150 mmol-L" NaCl
z ERNRELS
) * S
z 5
D & =
£ z gt f-
5 ’
8 X S e
= & Z
=4 W ﬁ
® 2 qof ’___..--'-"’,..
é
1 1 1 9 1 f; 1 ﬁ 1
OE-1 OE-2 CK OE-1 OE-2 OE-3
#E A& Strain ¥R & Strain
D E 80
S
) ~ *
S - g
o 2 60
s B39 T
55 2%
® 'g *okk *é =
& &E w0
N = &
T = =g
JER g
=2 i =3
g 2 20 -
) % i
1 1 1 0 1 1 1
CK OE-1 OE-2 OE-3 CcK OE-1 OE-2 OE-3
KA Strain Fk & Strain
F 50 G 80
~ S
g\i ; 60 * sk
o ©
‘.a' *k (: Kk
- [+
£ o S 40
& T
¥ a
‘1_‘ kK M
S = 201
i )
1 1 1 O 1 1 1
CK OE-1 OE-2 OE-3 CK OE-1 OE-2 OE-3
KK A Strain Fk & Strain

A: 0. 150 f1 200 mmol-L™" NaCl 4b¥E 2 d J5 #-HR R KT, #8R=5 cm: B: 0 Al 150 mmol-L™" NaCl 40#1 3 d J5 ¥R R MFk: C: 0l 150 mmol-L' NaCl
HEFE 3 d JE A HRARIAR D: 0 F1 150 mmol- L™ NaCl AbH 14 d J5 #-#k M L34y 20k FA D i s E: 0 A1 150 mmol-L™ NaCl 403 14 d Ji5 #-#k
FH B4 R T IANR D Fr 150 mmol-L™! NaCl &b 14 d JE &R MIZET; G: 150 mmol-L NaCl AbFH 14 d J5 3 #RARHSE 5, */E P<
0.05 K EZEFRBE (n=3) ; **£ P<0.01 KT LEREFH (n=3) . TH

A: The phenotypes of control and transgenics treated with 0 , 150 and 200 mmol-L" NaCl for 2 days, Bar=5 cm; B:Plant height of control and transgenics
treated with 0 and 150 mmol-L" NaCl for 3days; C: Root length of control and transgenics treated with 0 and 150 mmol-L™" NaCl for 3days; D: Relative
reduction of dry weight in the above-ground part of control and transgenics treated with 0 and 150 mmol-L" NaCl for 14 days; E: Relative reduction of dry
weight in underground parts of control and transgenics treated with 0 and 150 mmol-L"' NaCl for 14 days; F: Death rate of control and transgenics treated with
150 mmol-L" NaCl for 14 days; G: Dead leaf rate of control and transgenics treated with 150 mmol-L™" NaCl for 14 days;* significantly different at P< 0.05
level (n = 3); ** significantly different at P< 0.01 level (n = 3). The same as below

3 XBRR S/RLK35 3 FikHK AR M EL BE NG

Fig. 3 Salt-resistance detection of control and SiRLK35 transgenic rice lines
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SR, T SiRLK35 I RIBR R MEHRAKA W, 2550
AR HA @ e, JUIHERRR OE-1 4
5 B APRHE 200 mmol-L”! NaCl 47 2.d J&, %I
I SiRLK35 WK R 2 H 5, a2k
IR REARFEARANGS . ) B R B JE DRURR 2 1 35
B R R AE I 52 #h praE i) (K 3-B F1E 3-CO
o, M BN ARD SZ AWM IR L 3 A 19.78% X
W) L 6.12% (OE-1) + 9.36% (OE-2) 1 8.24% (OE-3) ;
Hy RS AR SZ AR L 2 A 14.63% (RFHED
3.09% (OE-1) . 8.92% (OE-2) #13.98% (OE-3) ;
o} AZ AR 34 W S5Ok T SiRLK3S HE3E Nk R, H
OE-1 [ OE-3 [{14)y i S AR #h Ab B iy J5 A e 1) 7 5
NTE N

PP R DY IR0 IR A SiRLK 35 e KR 4y i
7 150 mmol-L™" NaCl #4bFE 14 d J&, X &#k R L
T R EIA TS LG, AR P JE )
HE A1 5 A 20 4 bR b b 5T 2 R AR b i (A
3-D) U NEEEPAXEDE (B 3-E) , okt
FERIAS B R Rk Rt L R R kb, S,
My FER I T AR D E 0 55.45% GHIED
13.32% (OE-1) . 41.08% (OE-2) F131.23% (OE-3) ;
1N 7> T AR IR 0k 71.78%. 13.29%.
52.26%F1 49.27% (OE-3) ; XM R A5 b A
R BT E DR W, SR IR R SR AL B S
Hiy b R MR R A A AN R R D, (R
SRR SR T4 483t 150 mmol- L AbEE Ji5 45
FRRIMBET-H (- 3-F) Fsem% (| 3-G) , Hst
T2 54 39.56% ) | 11.78% (OE-1)  25.49%
(OE-2) #i120.45% (OE-3) ; AEM-Z53514 68.69%
CH D | 42.86% (OE-1) . 55.69% (OE-2) Fl1 47.53%
(OE-3) 5 WoRHfe 11 MIFET R AIGEI F 3y L 5
bk &R, FEEERIBRR T OE-1 MISET S FISEH 2
PR T AR bR &R, LSRRI R T OE-1 %
IS ERIUE-A TR S 2N
2.4 FEMFESEMNENEEEST

FI ] NBT Hil DAB 3203, %6 %6 16 &% 150 mmol-L™!
NaCl 42 3 d Ji f) OE-1 FR & OF Il H,0, BT 4L 4,
AR A AR B DL a5 R o, Ehb
RO R 22 NBT Yot 2 & W, 17 DAB
et N ORI, 17 OE-1 FRRM A 7EA R B R )
R PECBIEARE A, Bt if 0*F H0,
PR R ES T OE-1 BER (K 4-A) o MTEIEFAEK
FETR 0T BRI FE DR ) o A S AS 1 W 2 1) O

Hl H,0,.

X} EACFEFT S SOD Al POD [5G HEN 2 (K 4-B
MK 4-C) , giRiErR, $hab#EH4E 11 1 SOD %
PERF%, OE-1 1y SOD Ji&#5E B FF%, HApshid
M5 6 hisF s shad 5 POD (S TEAEhAE 11
Hoe ETHE R, 78 OE-1 RN Hi4b 35 6 h TR,
ZJa Tt HACPE 24 h RN & LT,

2.5 AR T E MR EE A RIZER

o) AL P T JE 6 K. SIRLK35 i FiAMR AR OE-1
PR 43 EL 40 Eh Y 3 R U OsPS5CS OsLEA3 . OsNHX1 «
OsHKTI. OsNAC6 Fl OsDREB2A I\F&i&HEAT T K]
(E'5) o 4558 57R, £ 150 mmol-L™! NaCl 43 5,
OsP5CS. OsLEA3. OsNHXI. OsNAC6 1 OsDREB2A
FEX AL 11 R OE-1 ¥ RIbk R iAYy B, 1L
1, OsLEA3 WiZik B, 7o iz 5L mm
% FRY) 249 1%, MAE OE-1 HiZ R ik 7E Eh Ak
24 h J5 BURZ 470 £, 1ZFERERIE FURFRE W] e
T (& 5-B) 3 OsHKTI {EEhALFE 6 h J5, 100 1
Al OE-1 Ik B, 2 5 bl R Ab BRI [ (1)
KRB B N R, EShARHE 24 h RILBE K ERAL,
HAT OE-1 FRFR i K ARG F Ik SO0 TR (18
5-D) .

3 it

TR GRS RIS R RS
EMYEKKEA RWIMGHIA h3 . SR =
THME, BB o A A, R AN e 2
TV, AT S 1 LB SR R AN, T
Pean b Bs AR, GO EAIIR R, JERR D)
Mok e, s me S ERIEWAT, BER
R E KR E 2GR E e, i B A
AR AE B A i DA 200 R I v A B iy
IRBE (1 N AL A AT AAE AT o A 10 ) IR SN A B A4
TSR A 5635 DR () R TA HEAT Y42 e i 6 it . AR
(e 36 E 32 2 B R Fshl, T T Hom vERas £, Hr,
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Fig. 5 The relative expressions of salt responsive genes in control and OE-1 under salinity
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